The survival of selected viruses in Lactobacillus-and yeast-fermented edible waste material was studied to determine the feasibility of using this material as a livestock feed ingredient. Five viruses, including Newcastle disease virus, infectious canine hepatitis virus, a porcine picornavirus, frog virus 3, and bovine virus diarrhea, were inoculated into a mixture of ground food waste (collected from a school lunch program) containing Lactobacillus acidophilus. Mixtures were incubated at 20, 30, and 40°C for 216 h. In a second trial, four viruses, including Newcastle disease virus, infectious canine hepatitis virus, frog virus 3, and a porcine picornavirus, were inoculated into similar edible waste material containing Saccharomyces cerevisiae. Mixtures were incubated at 20 and 30°C for 216 h. Samples were obtained daily for quantitative (trial 1) and qualitative (trial 2) virus isolation. Temperature, pH, and redox potential were monitored. Controlled pH and temperature studies were also done and compared with the inactivation rates in the fermentation processes. In trial 1 (Lactobacillus fermentation), infectious canine hepatitis virus survived the entire test period in the fermentation process but was inactivated below pH 4.5 in the controlled studies. Newcastle disease virus was inactivated by day 8 in the fermentation process and appeared to be primarily heat sensitive and secondarily pH sensitive in the controlled studies. The porcine picornavirus survived the fermentation process for 8 days at 20°C but was inactivated more rapidly at 30 and 40°C. The controlled studies verified these findings. Frog virus 3 was inactivated by day 3 in the fermentation process and appeared to be sensitive to low pH in the controlled studies. Bovine virus diarrhea was rapidly inactivated in the fermentation process (less than 2 h) and was pH and temperature sensitive. In trial 2 (yeast fermentation), infectious hepatitis virus survived the entire test period in the fermentation process. Newcastle disease virus was inactivated by day 7 at 20°C and day 6 at 30°C. The porcine picornavirus was inactivated by day 7 at 30°C but survived the entire test period at 20°C. Frog virus 3 was inactivated by day 3 at 20°C and day 2 at 30°C.
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Improved methods are needed to convert waste foods into safe sources of livestock feed while conserving energy. Research has placed emphasis on feed value and the type of end product rather than on safety, disease control, and economics. Heat-treatment processes for food wastes use large amounts of energy and do not ensure constant or correct temperatures for destroying viruses that may be in edible wastes. It was theorized that Lactobacillus or yeast fermentation could be used as a safe, convenient, farm-operated process to cycle edible wastes into an animal feed ingredient without the use of energy. Preliminary studies showed that inoculation of Lactobacillus acidophilus into ground, edible waste material (collected from institutional dining facilities) decreased the fermentation time and conversion to a feed ingredient by 50%, as compared with the naturally occurring process. Preliminary, laboratorycontrolled studies over a 96-h test period resulted in the inactivation of pseudorabies virus, avian infectious bronchitis virus, measles virus, and vesicular stomatitis virus. A porcine picornavirus was inactivated only at higher temperatures, whereas Newcastle disease virus and infectious canine hepatitis virus survived for the entire test period (18) .
The purpose of the present study was to determine the quantitative survival of selected viruses introduced into edible food wastes fermented with L. acidophilus and the qualitative survival in wastes fermented by Saccharomyces cerevisiae.
MATERIALS AND METHODS Fermentation process. Edible food waste was collected from a local school and was stored at 2°C. Waste (40 liters) was ground in a modified flail-type hammer mill with openings of approximately 1.2 cm. The ground waste material fell into a 75-liter stainless steel mixing can that was placed in a converted portable concrete mixer. A 24-h culture (750 ml) of L. acidophilus (grown in reconstituted powdered instant milk with 1% lactose) containing 10' CFU/ml or S. cerevisiae (Diamond V brand, distillers active yeast, grown in Sabouraud dextrose broth) containing 1010 CFU/ml was added to the waste material and was mixed for 5 min. Fluid (1 liter) containing the test virus was then added and mixed for an additional 15 min.
The waste-Lactobacillus or waste-yeast virus mixture was placed in 5.5-liter stainless steel containers equipped with pH, automatic temperature compensator, and redox electrodes, thermocouples, and sampling ports. Duplicate cans were held at 20, 30, and 40°C in water baths for 216 h for the Lactobacillus trial and 20 and 30°C for 216 h for the yeast trial. Approximately 28 g of waste material was removed daily through the sampling port and was processed for virus isolation.
The pH, redox potential, and temperature of the contents in each of the fermentation cans and the temperature of the water baths were recorded at 15-min intervals throughout the fermentation process. Data were collected and stored by a computer-controlled data acquisition system (model 9830A; Hewlett-Packard, Loveland, Colo.) (18) .
Viruses, cells, and media. The porcine picornavirus (PPV) strain PS-27 was propagated on porcine kidney cells, Sus scrofa PK-15 (8) . Infectious canine hepatitis virus (ICHV) was propagated on canine kidney cells, Canis familiaris Madin-Darby canine kidney (17) . Bovine virus diarrhea virus (BVDV) strain NADL was propagated on bovine kidney cells, Bos taurus NADL bovine kidney (9) . Frog virus 3 (FV3) strain Granoff was propagated on fathead minnow cells, Pimephales promelas (2) . Newcastle disease virus (NDV) strain Kansas-Manhattan was propagated in embryonating eggs, on chicken kidney cells, and on chicken embryo fibroblasts (16) . All viruses were incubated at 37°C, except for FV3 which was incubated at 24°C. Isolation procedure. Samples of fermented waste material containing the test virus were obtained on day 0 (approximately 2 h after mixing) and on each of the 9 subsequent days. A sample of approximately 28 g was centrifuged cold at 12,000 x g for 30 min. The liquid portion was removed and saved as the liquid sample. The solid portion was mixed with an equal amount of 10o BFS in phosphate-buffered saline solution (pH 7.2) for 30 min to elute the solid-associated virus (12, 13) . The mixture was centrifuged again in a similar manner, and the liquid portion was saved as the solid sample. Samples (ICHV, PPV, FV3, and BVDV) were passed through a type AP prefilter and a 13-mm diameter cellulose membrane filter (APD 0.65 p.m; Millipore Corp., Bedford, Mass.). The filter was wetted with 3% beef extract to prevent virus attachment to the filter pad (12, 13) .
Samples of fermented waste material containing NDV were centrifuged as described above and separated into liquid and solid portions. Antibiotics were added to the liquid portion at a concentration of 60 U of penicillin and 60 p.g of streptomycin per ml of waste.
After mixing of the antibiotic-waste liquid, it was centrifuged again at 27,000 x g for 45 min. The top phase was removed and saved as the liquid sample. Virus was eluted from the solid phase of the sample and mixed with antibiotics and centrifuged in a similar manner. This liquid portion was saved as the solid NDV sample. Samples were not filtered due to a loss of titer as previously described (18) .
Solid and liquid samples were processed separately for virus isolation in the Lactobacillus trial but pooled for virus isolation in the yeast trial.
Virus isolation and identification. After initial 5-fold dilutions were made, 10-fold dilutions of the samples were made in medium and inoculated (in triplicate) onto appropriate cell cultures or into embryonating eggs for virus. Sample dilutions were passed five times before they were considered negative for the presence of virus. Samples were considered positive for the presence of virus by characteristic viral cytopathic effects, hemagglutination and hemagglutination-inhibition tests, and specific direct fluorescent antibody staining of cell cultures (18 ICHV survived the entire 9 days in all the solid samples and in the liquid samples at 20 and 30°C. ICHV was isolated through day 8 at 400C (Table 1) .
PPV was inactivated in the solid and liquid samples between days 2 and 4, except in the solid samples held at 20°C which survived through day 8 of fermentation (Table 1) .
FV3 and BVDV were rapidly inactivated in the fermentation process. BVDV was not isolated at day 0, 2 h after mixing with the edible waste-Lactobacillus mixture, whereas FV3 was inactivated by day 3 in the solid and liquid samples (Table 1 In the pH and temperature studies, the NDV survived for 9 days at 20°C at all pHs, although at lower pHs, virus titer decreased (Table 2) . At 30 and 40°C, NDV was inactivated at the lower pHs studied but survived the entire test period at the high pH ranges (Table 2) .
ICHV survived for the entire test period at 20, 30, and 40°C at pH 7 but was inactivated at pH 4.5 or less at all three temperatures (Table 3) .
PPV was isolated at all pHs from the mixtures at 20, 30, and 40°C for the 9-day test period. A decrease in virus titer was initially observed below pH 4.5 at all three temperatures (Table 4 ).
FV3 appears to be very sensitive to low pH and high temperature (40°C) ( Table 5) , whereas BVDV was inactivated rapidly, in less than 2 h, at all pHs and temperatures studied.
In the yeast fermentation trial, ICHV survived the entire test period in the fermentation process. NDV was inactivated by day 7 at 20°C and day 6 at 30°C. PPV was inactivated by day 7 at 30°C but survived the entire test period at 20°C. FV3 was inactivated by day 3 at 20°C and day 2 at 300C.
DISCUSSION
The feeding of uncooked edible food wastes to livestock has been prohibited by law to prevent the spread of disease among animals used for food. The cooking of food waste for animal feed has drawbacks, such as the cost of energy to cook the waste and the inability to reach suffi- NDV (RNA, enveloped), ICHV (DNA, nonenveloped), and PPV (RNA, nonenveloped) were selected for this study because they survived in preliminary, 4-day fermentation studies (18) . FV3 (DNA, enveloped) and BVDV (RNA, enveloped) were selected because of their similarities to African swine fever virus and hog cholera virus, both potential problems in garbage-feeding operations (4, 9). All viruses selected can be transmitted by direct contact. Viral inactivation in fermented edible waste tial expansion of viral components (11) . Heat material may occur due to the effects of low pH, causes secondary structural changes, such as temperature, or fermentation by-products. The unfolding of protein or nucleic acid or expansion inactivation rates of the five viruses inoculated of the protein coat allowing small molecules to into the fermentation process were studied in the enter the virion and inactivate the nucleic acid pH and temperature trials to determine which (11) . Lactic acid is a small molecule produced in parameter in the fermentation process was re-the fermentation process that could catalyze sponsible for viral inactivation.
hydrolytic scission of the viral nucleic acid. Viral inactivation due to low pH may occur From energy of activation studies, workers thedue to irreversible changes in viral nucleic acid. orized that thermal inactivation may be due to Changes that occur must be disruptive enough to DNA and protein denaturation at temperatures change the function of a molecule by altering the above 44°C and to RNA inactivation at low nature of the molecule, i.e., changes in the temperatures (1, 15) . In different temperature secondary structure of protein or nucleic acid. ranges, different viral components are inactivatUnder acidic conditions, hydrolysis of virions ed. For example, high AH and AS values, which occurs, resulting in a gradual breakdown of occur with the breakage of hydrogen bonds and protein. As the protein is destroyed, the in-the collapse of the secondary structure of molecreased permeability of the capsid allows for cules, have been measured when the protein of inactivation of the nucleic acid by hydrolytic foot and mouth disease virus is denatured at high mechanisms (3).
temperatures. The inactivation of RNA of foot Thermal inactivation of viruses is caused by a and mouth disease virus occurs at low temperastructural alteration in the virion due to differen-tures with low AH and negative AS values. lower (3.0) and the redox potential decreased to Inactivation of viruses may occur due to alter-a greater extent (-400 mV) after incubation for 9 ations in the protein coat or changes in the viral days. envelope (6, 10, 14) . The rigidity of a viral
The viricidal effects of the yeast fermentation envelope or the plasma membrane of a cell is process were less efficient than those of the L. determined by its lipid content (6, 10, 14) . It has acidophilus fermentation process. In both probeen shown that the lipid in viral envelopes is cesses ICHV survived the entire test period of 9 less fluid than lipids in the membrane of the cell days, except at day 9 at 400C in the Lactobacilin which it is propagated. This increased rigidity lus fermentation trial. In the controlled pH and in the viral envelope is necessary for infectivity. temperature studies, ICHV was inactivated beThis has been shown for vesicular stomatitis low pH 4.5 at all three temperatures. This disvirus and NDV, where the envelopes of these parity between the fermentation studies and the viruses incubated with unsaturated fatty acids controlled studies might be due to the sparing were made more fluid causing a marked de-effect of particulate matter in the edible wastes. crease in infectivity (6, 10) . The presence of The survival of ICHV in the fermentation procunsaturated fatty acids in edible wastes might ess was not unexpected due to its relative stabilaccount for inactivation of enveloped viruses ity to changes in pH and temperature. used in this study.
The inactivation of NDV in the fermentation The fermentation of edible waste material by process appears to be temperature dependent, S. cerevisiae produced ensilage with a pH be-with more rapid inactivation occurring at the tween 3.5 and 4.0 after 9 days and a redox higher temperatures. This fact was verified by potential between -300 and -375 mV. This the control studies where inactivation of NDV differed from the fermentation of edible waste was primarily temperature dependent and sec- (4) . The slow inactivation at 40°C in pH 7.0 buffer may be due to the thermosensitive nature of the virus-induced DNA polymerase (7) . BVDV was inactivated in less than 2 h in the Lactobacillus process and was rapidly inactivated in the controlled studies. It has been previously reported that BVDV is rapidly inactivated below pH 5.7 (5). Exposure to the low starting pH of the waste and the fermentation by-products might explain its rapid inactivation.
The more rapid inactivation of viruses by the Lactobacillus fermentation at 30°C in comparison with the yeast fermentation can be related to the lower pHs obtained by the Lactobacillus fermentation process in combination with the elevated temperature. The biochemical process of fermentation by both agents is identical for glycolysis, except for the final reaction where pyruvate is converted to lactate by L. acidophilus and ethanol and to CO2 by S. cerevisiae. In this process, Lactobacillus fermentation is more viricidal than yeast fermentation.
